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1
INPUT CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation of International Application No.
PCT/IP2017/006201 filed on Feb. 20, 2017, which claims
priority to Japanese Patent Application No. 2016-087034

filed on Apr. 25, 2016. The entire disclosures of these
applications are incorporated by reference herein.

BACKGROUND

The present disclosure relates to an mput circuit to be
suitably used for a semiconductor integrated circuit.

As a conventional semiconductor integrated circuit
including a metal-oxide-semiconductor (MOS) transistor, a
known 1nput circuit 1s capable of mputting a signal larger in
amplitude than a power supply voltage. For example, a
known 1nput circuit includes: an mput terminal receiving an
input signal; a power supply terminal for supplying a power
supply voltage; an inverter; an N-channel MOS (NMOS)
transistor having one end connected to the mput terminal
and another end connected to an mput of the mverter and
acting as a signal transfer transistor; and a P-channel MOS
(PMOS) transistor having one end connected to the power
supply terminal, another end connected to the input of the
inverter, and a gate connected to an output of the inverter,
and acting as a feedback transistor, wherein, between the
power source terminal and the gate of the signal transier
transistor, a hold-clamp circuit 1s connected 1n order to cope
with the power supply voltage falling and reduce a propa-
gation delay of the input signal. The hold-clamp circuit
includes: a diode-connected NMOS transistor; a high-resis-
tive element; and a diode-connected PMOS transistor all of
which are connected 1n parallel. (See Japanese Unexamined
Patent Publication No. H11-243330.)

In the above conventional technique, the gate voltage of
the signal transfer transistor is not always held constant to
the power supply voltage by the high-resistive element.
Moreover, when the mput signal rises, a voltage clamping
operation of the diode-connected NMOS transistor stops at
a certain point the rise of the voltage of the gate of the signal
transier transistor. When the iput signal falls, the voltage
clamping operation of the diode-connected PMOS transistor
stops at a certain point the fall of the voltage of the gate of
the signal transier transistor. However, when the input signal
talls, the gate voltage of the signal transier transistor 1nevi-
tably falls, causing an inevitable propagation delay of the
iput signal.

SUMMARY

The present disclosure reduces a signal propagation delay
observed when an mput signal falls.

An mput circuit of the present disclosure includes: a
power supply terminal for supplying a power supply volt-
age; an mput terminal receiving a signal; a first inverter
having an input and an output; a first NMOS transistor
having a gate, one of a source and a drain connected to the
input terminal, and another one of the source and the drain
connected to the input of the first mverter; a first PMOS
transistor having: a source connected to the power supply
terminal; a drain connected to the gate of the first NMOS
transistor; and a gate connected to the input of the first
inverter; and a second PMOS transistor having: a source
connected to the power supply terminal; a drain connected
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2

to the gate of the first NMOS transistor; and a gate connected
to the output of the first inverter, wherein a drive capacity of
the second PMOS transistor 1s higher than a drive capability
of the first PMOS {transistor.

In the present disclosure, the mput of the first inverter 1s
low when the mput signal rises. Since the first PMOS
transistor with low drive capability transits to on-state, the
voltage of the gate of the first NMOS transistor 1s not held
constant at a voltage substantially equal to the power supply
voltage. Hence, when the mput signal rises, the voltage of
the gate of the first NMOS ftransistor can temporarily rise
high, allowing the mput circuit to operate at high speed.
Meanwhile, the output of the first inverter 1s low when the
iput signal falls. Since the second PMOS transistor with
high drive capability transits to on-state, the voltage of the
gate of the first NMOS transistor 1s held constant at a voltage
substantially equal to the power supply voltage. Hence,
when the mput signal falls, the voltage of the gate of the first
NMOS transistor remains unchanged. As a result, a signal
propagation delay 1s reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram showing an input circuit
according to a first embodiment.

FIG. 2 1s a ttiming diagram showing an operation of the
input circuit of FIG. 1.

FIG. 3 1s a circuit diagram showing a modification of the
input circuit i FIG. 1.

FIG. 4 1s a circuit diagram showing an input circuit
according to a second embodiment.

FIG. 5 1s a circuit diagram showing a first modification of
the iput circuit 1n FIG. 4.

FIG. 6 1s a circuit diagram showing a second modification
of the mput circuit 1n FIG. 4.

DETAILED DESCRIPTION

Two embodiments of the present disclosure will be
described 1n detail below, with reference to the drawings.

First Embodiment

FIG. 1 1s a circuit diagram showing an input circuit
according to a first embodiment. The mput circuit 1n FIG. 1
includes: an mput terminal 1 receiving an mput signal IN
having an amplitude of 3.3 V; an output terminal 2 for
outputting an output signal OUT having an amplitude o1 0.9
V., a power supply terminal VDDI18 for supplying a power
supply voltage of 1.8 V; a first NMOS transistor M1; a first
PMOS transistor M2; a second PMOS transistor M4; a third
PMOS transistor M5; a first inverter INV1; and a second
iverter INV2. The first NMOS transistor M1 has: a source
connected to the input terminal 1; a drain connected to a gate
of the first PMOS transistor M2, to a drain of the third
PMOS transistor M5, and to an input of the first inverter
INV1; a gate connected to the drain of the first PMOS
transistor M2 and the drain of the second PMOS transistor
M4; and a backgate connected to a ground potential VSS.
The first PMOS transistor M2 has a source and a backgate
connected to the power supply terminal VDD18. The second
PMOS transistor M4 has: a source and a backgate connected
to the power supply terminal VDDI18; and a gate connected
to a gate of the third PMOS transistor M5, to an output of
the first inverter INV1, and to an iput of the second inverter
INV2. The third PMOS transistor M3 has a source and a

backgate connected to the power supply terminal VDD18.
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The second mnverter INV2 has an output connected an output
terminal 2. The first inverter INV1 1s driven by a voltage of
1.8 V to be supplied from the power supply terminal
VDD18. The second mverter INV2 1s driven by an internal
power supply voltage VDD of 0.9 V. Here, each of the first
NMOS transistor M1, the first PMOS transistor M2, the
second PMOS transistor M4, the third PMOS transistor M5,
the first inverter INV1, and the second 1nverter INV2 1s an
MOS transistor having a breakdown voltage of 1.8 V; that 1s,
the MOS ftransistor includes a gate oxide film having a
breakdown voltage of approximately 1.8 V. Moreover, the
gate width of the second PMOS transistor M4 1s set wider
than that of the first PMOS transistor M2 so that the drive
capability of the second PMOS transistor M4 i1s higher than

that of the first PMOS transistor M2.
In the description below, a connection node for the gate of
the first NMOS transistor M1 and the drains of the first and

second PMOS transistors M2 and M4 1s referred to as a node

A. Moreover, a connection node for the drain of the first

NMOS transistor M1, the gate of the first PMOS transistor
M2, the drain of the third PMOS transistor M3, and the mnput
of the first mverter INV1 1s referred to as a node B.
Furthermore, a connection node for the gates of the second
and third PMOS transistors M4 and M3, the output of the
first inverter INV1, and the mput of the second inverter
INV2 1s referred to as a node C.

FIG. 2 1s a timing diagram showing an operation of the
input circuit of FIG. 1. In an 1n1tial state before a time t1, the
voltage of the mput signal IN 1s 0 V, the voltage of the node
A 1s 1.8 V, the voltage of the node B 1s 0 V, the voltage of
the node C 15 1.8 V, and the voltage of the output signal OUT
1s 0 V. In this state, the first PMOS transistor M2 1s 1n
on-state, and both of the second and third PMOS transistors
M4 and M5 are 1n ofl-state.

First, an operation when the imput signal IN rises 1s
described. At the time tl1, the input signal IN starts rising.
Then, because of behavior of the capacity of gate oxide film
and the source-gate coupling capacity of the on-state first
NMOS transistor M1, the voltage of the node A rises. In this
state, when a threshold voltage of the MOS transistor 1s VT,
the voltage clamping operation of a drain-substrate parasitic
diode for each of the first and second PMOS transistors M2
and M4 stops the voltage rise of the node A at 1.8 V+Vit.
Moreover, 1n this state, the voltage of the node A; that 1s, the
gate voltage of the first NMOS transistor M1 rises to 1.8
V+Vt. Hence, the voltage of the node B quickly rises to 1.8
V+Vt-Vt=1.8 V. In response to the voltage rise of the node
B, because of behavior of the first inverter INV1, the voltage
of the node C starts to fall at a time t2, and immediately
comes down to 0 V. Moreover, the first PMOS transistor M2
transits from on-state to ofi-state. Meanwhile, 1n response to
the voltage fall of the node C, because of behavior of the
second mverter INV2, the voltage of the output signal OUT
starts to rise at a time t3, and immediately comes to 0.9 V.
Whereas, both of the second and third PMOS transistors M4
and M5 transit from ofl-state to on-state. As a result, the
second PMOS transistor M4 decreases the voltage of the
node A to 1.8 V, and the third PMOS transistor M5 holds the
voltage of the node B at 1.8 V.

In a steady-state after the rise of the output signal OUT,
the voltage of the input signal IN 1s 3.3 V, the voltage of the
node A 1s 1.8 V, the voltage of the node B 1s 1.8 V, the
voltage of the node C 1s 0 V, and the voltage of the output
signal OUT 1s 0.9 V. In this state, the first PMOS transistor
M2 1s 1n ofl-state, and both of the second and third PMOS

transistors M4 and M5 are 1n on-state.
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Next, an operation when the input signal IN falls 1s
described. At a time t4, the mput signal IN starts falling.

Then, because of behavior of the source-gate coupling
capacity of the first NMOS transistor M1, the voltage of the
node A 1s likely to fall. However, the drive capability of the
second PMOS transistor M4 1s higher than that of the first
PMOS transistor M2, and the voltage of the node A main-
tains at nearly 1.8 V. Meanwhile, a conductive channel 1s
formed on the first NMOS transistor M1, such that the
voltage of the node B starts to fall, retlecting the fall of the
input signal IN, and comes down to 0 V. In response to the
voltage fall of the node B, because of behavior of the first
inverter INV1, the voltage of the node C starts to rise, and
immediately reaches 1.8 V. Moreover, the first PMOS tran-
sistor M2 transits from ofl-state to on-state, and behaves to
hold the voltage of the node A at 1.8 V. Meanwhile, in
response to the voltage rise of the node C, because of
behavior of the second inverter INV2, the voltage of the
output signal OUT starts to fall at a time tS5, and immediately
comes down to 0 V. Whereas, both of the second and third
PMOS transistors M4 and M5 transit from on-state to
ofl-state. Even though the second PMOS transistor M4
transits to ofl-state, the voltage of the node A 1s already held
by the first PMOS transistor M2 at 1.8 V and thus remains
unchanged.

As can be seen, during the periods before the time t3 and
alter the time t5, the voltage of the node C 1s high (1.8 V)
and the second PMOS transistor M4 with high drive capa-
bility transits to ofl-state. Meanwhile, since the voltage of
the node B 1s low (0 V), the first PMOS ftransistor M2 with
low drive capability transits to on-state such that the voltage
of the node A 1s held weakly at 1.8 V. Hence, when the mput
signal IN rises, the voltage of the node A temporarily rises
higher than 1.8 V, allowing the input circuit to operate at
high speed.

Meanwhile, during the period between the time t3 and the
time t5, the voltage of the node C 1s low (0 V) and the second
PMOS ftransistor M4 with high drive capability transits to
on-state. Hence, the voltage of the node A 1s held strongly at
1.8 V. Hence, when the mput signal IN falls, the voltage of
the node A remains unchanged at 1.8 V. As a result, a signal
propagation delay 1s reduced.

Note that the difference 1n the drive capability between the
first PMOS transistor M2 and the second PMOS transistor
M4 can be achieved by the difference of the gate widths as
described before. Alternatively, the diflerence in the drive
capability may also be achieved by replacing the first PMOS
transistor M2 with serially connected multiple PMOS tran-
sistors so that the drive capability of the first PMOS tran-
sistor M2 decreases.

FIG. 3 1s a circuit diagram showing a modification of the
input circuit 1n FIG. 1. In FIG. 3, the first PMOS transistor
M2 in FIG. 1 1s replaced with multiple PMOS transistors
M2a, M25b, and M2c¢ connected 1n series. The PMOS tran-
sistors M2a, M2b, and M2¢ each have a gate width sub-
stantially equivalent to a gate width of the second PMOS
transistor M4. The gate of each of the PMOS transistors
M2a, M2b, and M2c¢ 1s commonly connected to the node B.
These PMOS transistors M2a, M2b, and M2c¢ are also MOS

transistors having a breakdown voltage of 1.8 V.

Second Embodiment

FIG. 4 1s a circuit diagram showing an input circuit

according to a second embodiment. The configuration 1n
FIG. 4 1s that of FIG. 1 additionally including a diode-

connected fourth PMOS transistor M3. The fourth PMOS
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transistor M3 has: a source connected to the node A: and a
drain, a gate, and a backgate connected to the power supply
terminal VDD18. This fourth PMOS transistor M3 1s also an
MOS transistor having a breakdown voltage of 1.8 V.

According to the second embodiment, the diode-con-
nected fourth PMOS transistor M3 carries out a voltage
clamping operation to reduce a voltage rise of the node A to
1.8 V+Vt when the mput signal IN rises. Compared to the
input circuit 1n the first embodiment, the mnput circuit in the
second embodiment additionally includes the fourth PMO
transistor M3 as an element dedicated to clamping. Such a
teature allows the circuit to be designed more freely.

FIG. § 1s a circuit diagram showing a first modification of
the mput circuit 1 FIG. 4. In FIG. §, the first PMOS
transistor M2 1n FIG. 4 1s replaced with multiple PMOS
transistors M2a, M2b, and M2c¢ connected together 1n series.
A gate width of each of the PMOS transistors M2a, M2b,
and M2c¢ 1s substantially the same as that of the second
PMOS transistor Md4. The gates of the respective PMOS
transistors M2a, M2b, and M2c¢ are commonly connected to
the node B. These PMOS transistors M2a, M2b, and M2c¢

are also MOS transistors having a breakdown voltage of 1.8
V.

The voltage clamping operation can be carried out by a
diode-connected PMOS ftransistor, and also by a diode-
connected NMOS transistor.

FIG. 6 1s a circuit diagram showing a second modification
of the input circuit in FIG. 4. In FIG. 6, the fourth PMOS
transistor M3 1n FIG. 4 1s replaced with a diode-connected
second NMOS transistor M3a. The second NMOS transistor
M3a has: a drain and a gate connected to the node A, a
source connected to the power supply terminal VDD18, and
a backgate connected to a ground potential. This second

PMOS transistor M3a 1s also an MOS transistor having a
breakdown voltage of 1.8 V.

Note that the first PMOS transistor M2 1n FIG. 6 can be
replaced with multiple PMOS transistors connected in
Series.

As can be seen, the mput circuit according to the present
disclosure achieves an eflect of reducing a signal propaga-
tion delay when an input signal falls. The input circuit 1s
uselul as, for example, an mput circuit suitably used for a
semiconductor integrated circuit.

What 1s claimed 1s:

1. An 1mput circuit comprising:

a power supply terminal for supplying a power supply

voltage;
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an input terminal receiving a signal;

a first mverter having an mput and an output;

a first NMOS transistor having a gate, one of a source and
a drain connected to the input terminal, and another one
of the source and the drain connected to the input of the
first inverter:;

a first PMOS transistor having: a source connected to the
power supply terminal; a drain connected to the gate of
the first NMOS transistor; and a gate connected to the
input of the first mnverter; and

a second PMOS ftransistor having: a source connected to
the power supply terminal; a drain connected to the
gate of the first NMOS transistor; and a gate connected
to the output of the first inverter, wherein

a drive capability of the second PMOS transistor 1s higher
than a drive capability of the first PMOS transistor.

2. The mput circuit of claim 1, further comprising

a third PMOS transistor having: a source connected to the
power supply terminal; a drain connected to the nput
of the first inverter; and a gate connected to the output
of the first inverter.

3. The mput circuit of claim 1, wherein

a gate width of the second PMOS transistor 1s wider than
a gate width of the first PMOS transistor.

4. The mput circuit of claim 1, wherein

the first PMOS transistor includes a plurality of PMOS
transistors connected together in series, the PMOS
transistors each having a gate width substantially
equivalent to a gate width of the second PMOS tran-
sistor, and the gate of each of the PMOS transistors
being connected to the input of the first inverter.

5. The mput circuit of claim 1, further comprising

a second 1mverter having an input connected to the output
of the first inverter, and driven by an internal power
supply voltage lower than the power supply voltage
supplied to the first inverter.

6. The mnput circuit of claim 1, further comprising

a fourth PMOS transistor having a source connected to the
gate of the first NMOS transistor, and a drain and a gate
both connected to the power supply terminal.

7. The mput circuit of claim 1, further comprising

a second NMOS ftransistor having a source connected to
the power supply terminal, and a drain and a gate both
connected to the gate of the first NMOS transistor.
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